The U.S. Environmental Protection Agency (EPA) implemented a program to identify tailpipe emissions of criteria and air-toxic contaminants from in-use, lightduty low-emission vehicles (LEVs). EPA recruited 25 LEVs in 2002 and measured emissions on a chassis dynamometer using the cold-start urban dynamometer driving schedule of the Federal Test Procedure. The emissions measured included regulated pollutants, particulate matter, speciated hydrocarbon compounds, and carbonyl compounds. The results provided a comparison of emissions from real-world LEVs with emission standards for criteria and air-toxic compounds. Emission measurements indicated that a portion of the in-use fleet tested exceeded standards for the criteria gases. Real-time regulated and speciated hydrocarbon measurements demonstrated that the majority of emissions occurred during the initial phases of the cold-start portion of the urban dynamometer driving schedule. Overall, the study provided updated emission factor data for real-world, in-use operation of LEVs for improved emissions modeling and mobile source inventory development.
INTRODUCTION
In 1997, the U.S. Environmental Protection Agency (EPA) established the National Low-Emission Vehicle (NLEV) program to reduce criteria and air-toxic emissions from on-road motor vehicles through tailpipe emission standards. Low-emission vehicles (LEVs) incorporate improved combustion and catalytic control systems to achieve emissions reductions. Table 1 lists the NLEV standards for criteria and air-toxic pollutants.
The LEV designation certifies that emissions from the vehicle will remain controlled for the useful life of the vehicle; thus, standards were established for 5 yr/50,000 mi of operation and 10 yr/100,000 mi of operation. Standards vary depending on the vehicle classification. A single standard applies to cars, whereas standards for lightduty trucks (which include passenger vans and SUVs) depend on the gross vehicle weight rating and the tongue weight of the vehicle.
As the number of LEVs in the national vehicle fleet has increased because of the NLEV program, the importance of the contribution of these vehicles to criteria pollutant and mobile source air-toxic (MSAT) emissions has also increased. EPA implemented this study to determine emission rates from in-use LEVs and to compare these emissions with the nonmethane organic gas, carbon monoxide (CO), nitrogen oxides (NO x ), particulate matter (PM), and formaldehyde standards.
METHODS
Twenty-five LEVs were recruited during the summer and winter of 2002 from commercial and business parking lots in the Research Triangle Park, NC, area. The Vehicle Identification Numbers were used to determine which lightduty cars, vans, and trucks were LEVs. Seventeen of the vehicles recruited were cars, 4 were vans, and 4 were trucks. One of the trucks was in the lightest truck category (LDT; gross vehicle weight rating Յ6000 lb; tongue weight Յ3750 lb) with the other 3 trucks in the heaviest light-duty truck category (LDT4; gross vehicle weight rating Ͼ6000 lb; tongue weight Ͼ5750 lb; tongue weight Յ8500 lb). Table 2 lists the vehicles evaluated for the study in the order of testing.
All of the tests were performed using the gasoline present in the fuel tank when received. The actual composition of the fuel in the vehicle could not be determined for all of the vehicles in this study because of the presence of antitampering devices. Fuel samples were collected from gasoline stations in the Research Triangle Park, NC, area for comparative analysis. Tables 3 and 4 present composition parameters for winter-and summergrade fuels, respectively. Testing occurred during winter and summer months, so these fuels were present in vehicles during the study. The tables show that reformulated gasoline was not likely present in the LEVs tested during the winter months, because no station sampled sold reformulated gasoline during the test period.
Vehicle driving simulations were conducted on a Horiba Model CDC800/DMA915 electric chassis dynamometer. Vehicle tailpipe emissions were transferred to a constant volume sampling system through a 3-in. (i.d.) section of flexible stainless steel tubing heated to 230°F. Test temperatures were maintained at 75°F during testing with a constant volume sampling flow rate of 700 scfm. Dilution air for the constant volume sampling was treated using charcoal and HEPA filters to limit background contamination of gaseous and particulate pollutants. The Urban Dynamometer Driving Schedule (UDDS) of the Federal Test Procedure was used to simulate driving conditions for each vehicle. 1 The UDDS cycle contained three phases: cold-start, steady-state operation, and warm-start. All of the vehicles were conditioned by conducting a UDDS test the day before the actual emissions test. After conditioning, all of the vehicles were allowed to soak at ϳ70°F for a minimum of 12 hr before the start of emissions testing Real-time instruments measured emissions of the regulated gases nonmethane organic gas (flame ionization detector), CO (nondispersive IR), and NO x (chemiluminescence). PM 10 and PM 2.5 emissions were collected on single Teflon filters (Teflo, 2 m pore size, Pall Corp., Ann Arbor, MI). Size selective sampling used PM 2.5 and PM 10 cyclone inlets (University Research Glassware, Carrboro, NC). Volatile organic compound (VOC) samples were collected in Tedlar bags for each UDDS test phase. An additional VOC sample was collected for the first 123 sec of the UDDS to account for the initial time period when the catalyst is not operating as designed (i.e., before catalyst light-off). Exhaust gas sampling for PM occurred from a pair of isokinetic ports located 6 m from the introduction of vehicle exhaust. Gas samples were extracted ϳ12 m from the introduction of the exhaust. Background samples were collected for all of the compounds at a port located after dilution air treatment and before the introduction of the exhaust.
PM gravimetric analysis occurred in a temperatureand humidity-controlled chamber. VOC analysis included speciated hydrocarbons and speciated alcohols and ethers by gas chromatography. 2 Aldehydes and ketones were sampled through a heated (235°F) stainless steel line and collected on silica gel cartridges coated with acidified 2,4-dinitrophenylhydrazine. Aldehydes and ketones were analyzed by liquid chromatography. 3, 4 RESULTS NLEV regulated pollutant emissions measured during the study are listed in Table 5 . The table includes the average and range of emission rates measured, as well as the NLEV standards, for each vehicle category. Table 6 shows the average and range of measurements for the MSATs analyzed in the study for each vehicle category. No notable differences were identified for the pollutant measurements based on the date of vehicle testing. In addition, mileage was not a significant indicator of emissions for any of the regulated pollutants measured during the study. Table 7 presents nationwide annual average tailpipe emission rates from the preliminary 2002 EPA National Emissions Inventory. 5 The National Emissions Inventory used EPA's mobile source emission factor model, MOBILE6.2, to estimate air-toxic emissions. Airtoxic emission rates in MOBILE6.2 were calculated by multiplying an air toxic-to-VOC ratio by the MOBILE6.2 VOC emission rate. The air toxic-to-VOC ratios varied by emission control technology, vehicle class, vehicle type (normal or high emitter), and fuel characteristics. 6 The algorithms used to calculate the fractions were obtained from Ͼ1800 observations. None of these data included LEV vehicle emissions. The nationwide fleet emissions in the National Emissions Inventory were obtained from activity-weighted estimates for each vehicle category. Figure 1 shows the variability of the MSAT emissions as a fraction of the total speciated hydrocarbon emissions for each of the phases of the UDDS driving cycle. Results from Bag 123 sec are not shown, because this bag measured a portion of the same exhaust as Bag 1. In addition, the fractions from Bag 123 sec were similar to Bag 1.
DISCUSSION
An evaluation of the measured tailpipe emissions indicated that some of the in-use LEV emission rates exceeded the NLEV standards using the UDDS driving simulation. For nonmethane organic gas, 14 of the 22 LDV/LDT category vehicles exceeded the NLEV emission standard. For CO, six LDV/LDT category vehicles exceeded the standard. Nine LDV/LDT category vehicles exceeded the emission standard for NO x . Four LDV/LDT vehicles exceeded NLEV standards for all three of the pollutants, and one of the vehicles was the highest emitter for all three of the pollutants. None of the LDT4 vehicles tested exceeded the NLEV standards for this vehicle category. In addition, no vehicle tested during the study exceeded the PM standard.
Speciated hydrocarbon data indicated that no LEVs exceeded the formaldehyde standard during the test program. The maximum formaldehyde emission rate measured was a factor of three below the standard. The speciated hydrocarbon data also showed that LEVs emit all of the gaseous MSATs, as expected. As shown in Table 6 , a large portion of MSAT emissions occur during cold-start conditions, especially within the first minutes of operation when the catalyst has not warmed enough to operate as designed. Once the catalyst system is functioning properly (i.e., under steady-state and warm-start conditions), MSAT emissions decreased by an order of magnitude.
The national average air-toxic emission rates presented in Table 7 indicated that LEV vehicles emitted MSAT pollutants at a much lower rate than MOBILE6.2 predicted for the U.S. in-use fleet during calendar year 2002. Note that the values in Table 7 include the effects of cold temperatures during winter months, impacts of aggressive driving, and contributions of high-emitting vehicles. Nonetheless, these results indicate that as LEV vehicles replace older vehicles in the U.S. fleet, reductions will likely be achieved for motor vehicle MSAT emissions.
CONCLUSIONS
The test program evaluated criteria pollutant and MSAT emissions from in-use LEVs using nonreformulated gasoline fuels. The results indicate that some of the vehicles tested exceeded the NLEV standards for the criteria gases. However, air-toxic emission rates for the LEV vehicles were significantly lower than national fleet averages. The emission factors generated from this study can be used in emissions modeling to better predict mobile source inventory contributions and air quality impacts from in-use LEVs.
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